The ideal gas thermochemistry of twenty carbon oxonium cations were calculated for the first time using the DFT G3B3 method. The cations are
INTRODUCTION.
In the last 20-30 years, much attention was given, both industrially and theoretically to production of methane from waste fermentation and its use, along with natural gas, to produce methanol and dimethylether over zeolite catalysts. These are further converted to higher olefin compounds.
It was proposed 1, 2 that these processes occur via different carbon Oxonium cations. Oxonium cations are defined as ions in which the Oxygen atoms are connected to three different atoms or in some cases the Oxygen is connected to two carbons only but with a double bond to one of them. In cases where the third atom is hydrogen the oxonium is also called a 'protonated molecule'. However the name Oxonium is not specific since sometimes the word oxonium is included by IUPAC in compounds like Methyloxoniumylidene CH 3 O+ which does not satisfy the above definition.
Lesthaeghe et al. 3 have calculated different paths for the acidic processes of methanol over catalysts while using a few carbon Oxonium cations.
To further perform kinetic reaction calculations by the Chemkin 4 or Cantera 5 , kinetic programs, the thermochemistry of the included specie has to be provided in the polynomial form. However the thermochemistry of the simplest carbon oxonium cations is not known.
This article is devoted to the calculation of the thermochemical data of the following oxonium cations: CH-OH 2 +, CH 2 
CALCULATIONS.
The thermochemistry of cations and anions cannot be calculated using Benson's 6 group additivity method. The enthalpy of formation is normally estimated from different measurements involving ionization energies. Other thermochemical properties are usually not reported.
The enthalpies of formation of ions are expressed by two historically separate conventions. One is called the "thermal electron" convention (also known as the "electron convention"), used by thermodynamicists and the other the "stationary electron" convention (also known as "ion convention") used by chemists and physicists. The difference between the two conventions is the value of the enthalpy increment H T -H 0 of the "electron gas". In the "thermal electron" convention, it is set to 2.5 RT, while in the "stationary electron" convention the enthalpy increment is zero at all temperatures. Thus the enthalpies of formation and the Gibbs energies of formation of all ions, are different in the two conventions but not the other thermodynamic values, such as entropies.
Because this article deals with thermodynamics we have chosen the "thermal electron" convention, which is also the convention adopted by the JANAF Tables   7   , Gurvich Tables   9   and the NBS Tables   8 .
Most ion chemists in their publications use the "stationary electron" convention without mentioning it, and also the Lias et al. 10, 19 compilation of ion thermochemistry nicknamed as the GIANT (and also the NIST WebBook, 11 which uses Lias et al. values for ions). Using values from the two conventions in the same calculation results in serious errors. Therefore, it is essential that the values for all charged species be expressed within the same convention.
It is simple to change the enthalpies of formation from one convention to the other. In both conventions at 0 K, the enthalpies of formation are identical. At other temperatures, the value of the "stationary electron" can be converted to the "thermal electron" convention for the enthalpy of formation by adding the quantity q × 2.5RT , where q is the charge of the ion and 2.5RT= 6.197 kJ mol -1 at 298.15 K,:
(ABC , under the "thermal electron" convention, by subtracting 6.197 kJ mol -1 (since the charge is -1).
Presently the ab-initio calculations provide good means for the calculation of the thermochemistry of ions, and specifically DFT calculations provide a fast and economic way for this task.
The oxonium cations were calculated with the G3//B3LYP (G3B3) method. Although there are many protocol methods for estimating the enthalpy of formation like Gn, Wn, CBS etc. we have preferred G3B3 because its estimates are within the same range of error as the others 22, 23 and also in order to be on the same calculation level as other ions radicals and molecules we calculated in our thermochemical database 20 . It should also be mentioned that the NIST Computational Chemistry Comparison Benchmark (CCCBDB) 21 site prefers the G3B3 method over others because more calculations are devoted to it than to other methods.
In order to facilitate the comparison of data between a given set of calculations the atomization method was chosen, because using isodesmic or isogyric reactions infers the use of different reactions for every species. Baboul et al. 12 have defined the scheme for the G3//B3LYP calculations, and we used the Gaussian 03 13 program suite. The Chem3D 14 program was used to draw the species for the Gaussian input coordinates. The Gaussian optimized the geometry provided by the Chem3D 14 package and the vibration frequencies were computed at the B3LYP/6-31G(d) level. After that single point energies were computed at the QCISD(T,E4T)/6-31G(d), MP4/6-31+G(d), MP4/6-31G(2df,p), and MP2(Full)/G3Large levels. The Gaussian output was scanned by a custom-written script, which collects and computes all the relevant quantities, and displays the final enthalpy of formation of the calculated specie at 298 K in the "stationary electron convention.
The results of the G3B3 method 12 are at the QCISD(T,Full)/G3Large level (atomization), assuming that the calculated contributions are additive.
To handle the problem of closed shell compounds (the protonated and other oxonium species) and the open shell compounds (the radical cations/distonic ions) it was necessary to specify in the Gaussian input if the species is a singlet or doublet.
The estimated uncertainty of the enthalpy of formation at 298 K is 8 kJ mol -1 , which approximates the 95% (2) confidence limit customary in thermochemistry. It is calculated as twice the value of the mean absolute error of the method which is  4 kJ mol -1 .
The thermochemistry of the 20 Oxonium cations reported in this article were calculated with the Gordon and McBride NASA program 15 . The B3LYP/6-31G(d) not scaled vibrations from the Gaussian output were used (because they fit better the experimental IR values). For the NASA program we used the Gaussian calculated moments of inertia, the reduced moments of internal rotation as well as estimated rotation barrier energies. The enthalpy of formation at 298 K calculated by the G3B3 method and adjusted to the thermal electron convention, was also used. The program 15 also performs the calculation of species polynomials.
The data used for the polynomial calculation are listed in Table 1 . The thermochemical data at T=298.15 K are listed in Table 2 . The values given are from the data table calculated by the PAC program 15 . The polynomials are listed in Table S1 (in the supporting information). The polynomials are subject to inherent fitting errors caused by the 7 term limitations, therefore produce very slightly different values than given in Table 2 . 
DISCUSSION
The Ideal Gas Thermochemistry of 20 carbon oxonium cations have been calculated and set in polynomial form for the first time. Four of the enthalpies of formation calculated, are not mentioned in the literature. Nine of them have no CAS numbers. Most of the compounds are protonated specie but three of them (#2, 6, and 11) are open shell radical cations/distonic ions, with statistical weight of 2, (doubletes, instead of singlets for the rest).
The enthalpies of formation of the second oxonium and of the fifth oxonium -protonated oxirene-were calculated in a rigorous way by Ruscic in the ATcT tables of 2013 16 . The ATcT values are considered as the most reliable values, which unlike the traditional sequential approach, derives reliable, and internally consistent thermochemical values by simultaneously analyzing and solving the underlying Thermo-chemical Network (TN). The TN is constructed from the available thermochemical interdependencies relevant to the targeted species, such as measured ionization energies, electron affinities, reaction enthalpies, bond dissociation energies, constants of equilibria etc. The ATcT allows mixing experimental and computational results. Thus the data of each species is dependent not only on its own experimental data, but also on the experimental values of other specie currently in the table. Therefor these values got priority when choosing the enthalpy of formation of the specie. For all the rest we preferred our DFT G3B3 calculations for reasons described in the calculation paragraph. It should be noted that our G3B3 estimates are less than ±2 kJ mol -1 (less than 0.5 kcal mol -1 ) apart from the ATcT values and also of the other literature values we have found, except those of Brown and Eraslan 17 and of Lias et al. 10, 19 . This gives us the assurance that our G3B3 values are acceptable with actual errors bars below the standard high error bar of the protocol i.e. ±8. kJ mol -1 . The 13 old estimates of Lias et al. 10, 19 were 9 to 30 kJ mol -1 lower than the G3B3 and other references. In 1984 Lias Liebman & Levine 19 published the GIANT table of heats of formation of ions followed by the Lias et al 10 that repeated most of the earlier data. Their data were estimated when ab initio calculations were not well established, and were calculated from the enthalpy of formation of the corresponding non protonated specie or by the proton affinity method. Brown and Eraslan 17 suggest for the third species (the Rydberg cation) an estimate only, which is at the edge of our G3B3 error bar . in good agreement with our value. (both thermal electron).
CONCLUSION
The thermochemical data of 20 Oxonium cation compounds were calculated for the first time with the DFT G3B3 protocol and are provided as 7 term NASA polynomials (in the supplement) for the use of chemical kineticists. The results were compared to existing estimates or calculations available.
Nine term NASA polynomials of the 20 oxonium specie can be found in the author's thermochemical database. 20 Table S1 contains the 7-term NASA polynomials of the 20 oxonium cations discussed in this article.
